Starting from a synthetic E.coli promoter with the consensus sequences at -35 and -10 regions, a sequence CAT frequently occurred in the RNA start points of natural promoters was introduced in the downstream of the consensus sequences, and the sequences around the RNA start points as well as the relative positions of CAT from the consensus sequences were altered. Analysis of the RNA start points and strength of these synthetic promoters in an in vitro transcription system provided evidence that the RNA start point was principally fixed by distance from the -10 consensus sequence(TATAAT). Neither the promoter strength nor the RNA start point was significantly influenced by the CAT sequence. The sequences around the RNA start points rather seemed to exert influence on the response of promoter to temperature and salts.
INTRODUCTION
Comparative analysis of E.coli promoter sequences and accumulation of promoter mutants have indicated that two hexanucleotide sequences, centered around -35 and -10 positions with respect to the RNA start point, are extremely important for interaction with RNA polytnerase(l-5). Although the sequences at these two regions fluctuate with promoter, most frequently occurring sequences at -35 and -10 regions are TTGACA and TATAAT, respectively, and have been named "consensus sequences". Nevertheless, information is still not enough to predict the site and strength of promoter from a given sequence. There are considerable amounts of evidence suggesting that the sequences in other regions also play important roles for promoter function (6) (7) (8) (9) . It has been noted that a sequence CAT frequently occurs in the RNA start points of natural promoters, but little is known about the functional role of this sequence.
In order to define the structure directing promoter function more precisely, we initiated a series of investigation by constructing an ideal promoter having the two consensus sequences at the -35 and -10 regions (10) . We first examined the effect of spacing between the two consensus sequences, and found that not only the sequences but also the spacing of the two consensus sequences are important determinant of promoter function (10) . In this paper, we investigated the effect of the sequences around the start point of transcription on promoter function by altering the sequences systematically.
MATERIALS AND METHODS

Synthetic oligonucleotides and enzymes
Two septamers, dGTCTAGA and dTCTAGAC, and four decamers, dTCGAGGGCAT, dCTAGATGCCC, dTCGAGAACAT and dCTAGATGTTC, were provided by Takara Shuzo Co. RNA polymerase was products of New England Biolabs. All other enzymes were purchased from Takara Shuzo Co.
and Bethesda Res. Lab.
Strains and plasmids E.coli C600 and GM33(dam") were used as recipients. Plasmids pPSC7, pSPI57 and pPSC8 containing synthetic promoters with the two consensus sequences, TTGACA and TATAAT, at -35 and -10 regions has been constructed previously (10) .
Preparation of plasmids and restriction fragments
Plasmids and restriction fragments were prepared according to the methods described previously (10) , except that plasmids were propagated in E.coli GM33 by the reason ' that Xbal recognizing unmethylated restriction sequences was used in this study.
In vitro RNA synthesis and analysis of products
The reaction mixtures used for RNA synthesis were composed of 50mM tris-HCl (pH7.9), 8 mM MgCl,, 150 mM KC1, 0.1 mM dithiothreitol, 0.1 mM (a-P)UTP, and 0.4 mM each of three other NTPs, and when examined the effect of salts, KC1 concentrations were altered. For determination of RNA start points and relative activity of promoter, RNA synthesis was done for 15 min at 37°C in the reaction mixtures(0. lml each) containing I pmol DNA and 10 pmol RNA polymerase. When the influence of temperature and salts on promoter function were examined, two sets of reaction mixtures(20 ul each) were prepared; one containing 0.25 pmol DNA fragments and the other containing 5 pmol RNA polymerase. Both sets of the reaction mixtures were pre-incubated for 5 min at different temperatures (for the temperature effect) or at 37°C(for the salt effect), and then mixed to initiate RNA synthesis. After holding 1 min at the pre-incubation temperatures, heparin was added at 100 pg/ml to prevent re-initiation (11), and RNA synthesis was allowed to continue at 37°C for another 15 min. In all cases, reaction was terminated by phenol treatment. Synthesized products were precipitated by ethanol, dissolved in 80% formamide-dye, heat-quenched for 3 min at 90°C
and analyzed by sequencing gels.
Other methods
Conditions for T4 DNA polymerase reaction, SI nuclease digestion and ligation have been described previously (10) . DNA sequencing was carried out by the dideoxy method which uses supercoiled plasmid DNA as template (12) . SI mapping was performed by the method of Berk and Sharp(13). Construction of promoters having different sequences in the downstream from the -10 consensus sequence. pSC7 is a derivative of pBR322 carrying a synthetic promoter (10) . The promoter sequences, the insertion sites in the plasmid, and the steps of sequence modification are schematically shown. The -35 and -10 consensus sequences were indicated by underlines, and inserted sequences in derivatives were boxed. When constructed pPSG series, the indicated decamer duplex was replaced by the other decamer-duplex(see text). Restriction sites indicated on the circular map of pPSA3 are those used for generation of fragments. The HapII 1 -BstNl fragment and Haelll -BstNl fragment were used as template for in vitro transcription, and the Hhal-HapII 2 fragment was used as primer for dideoxy-super coil-sequencing.
RESULTS
Construction of promoters having different sequences in RNA start points
The synthetic promoter carried by plasmid pPSC7 has the two consensus sequences at an optimal distance (17 base-pairs), and exhibits a strong activity in an in vitro transcription system (10) .
Starting from this promoter, the sequences around the RNA start point were altered according to the scheme shown in Fig 11. 14. Sequences, initiation points and relative activities of constructed promoters. The -10 consensus sequences were boxed, and start points of transcription were indicated by asterisks. Relative activities of promoters to the bla promoter are given in the right column.
determined by dideoxy-supercoil-sequencing. As the result, a series of promoters having different sequences in the RNA start points were obtained (Fig.2) . The relative positions of the CAT sequence from the consensus sequences are also different with promoters.
Activity of constructed promoters
The constructed promoter was cut out together with the bla gene promoter by HapII and BstNl as a fragment of about 600 base pairs, and the promoter activity was determined in the in vitro transcription system. Products synthesized are shown in Fig. 3 A, in which RNA-1 corresponds to the transcript from the constructed promoter and RNA-2 to the transcript from the bla promoter, respectively. This was confirmed by analysis of truncate transcripts from DNA fragments shortened by digestion with other enzymes. Analysis was performed by using 0.3mm-thin 8% polyacrylamide sequencing gel, so that resolution was high enough to determine the product sizes by one-base length, and the relative positions of the RNA start points could be assigned on the template from the product sizes. This promoter differed from the pPSG3 promoter only by one base, but it gave a low value beyond the measurement errors. As discussed later, we assume that this is due to the presence of a G cluster in the RNA start "point. The data in Fig.2 reveal that the position of the CAT sequence bears little relation to the level of promoter.
RNA start points of constructed promoters
In order to allocate the start point of transcription precisely, SI mapping was carried out. The transcript from the Haelll fragment of pPSA303 (see promoter contains Py(pyrimidine) at the 7th position, so that it is likely that RNA starts at the neighboring Pu, if no Pu is present at the 7th position. Unexplained is the case of the pPSG105 promoter containing Pu at the 7th position. As mentioned in the previous section, activity of this promoter was also low. We assume that the abnormality is due to the occurrence of a G-cluster around the RNA start point.
In order to determine by which of the consensus sequences the starting point of transcription was determined, pPSA3 and pPSA303 in this paper were recombined with pSPI57 and pPSC7 previously constructed (10) at the Hindlll site between -35 and -10 regions, and two sets of spacer-mutant promoters shown in Fig.4 were constructed. Transcripts from these mutant promoters were analyzed as in the experiment in Fig.3 . The data are shown in Fig.5 , as indicated by asterisks in Fig.4 , RNA synthesis was initiated in the constant position from the -10 consensus sequence at -10 region.
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12 3 4 5 6 made on the basis of U-contents as labeling was done with (jX~ P)UTP. In Fig.6 , the amounts of RNA formed with promoters on pPSA3 and pPSG3 at different temperatures (Fig. 6 A) or at different salts (Fig. 6 B) are shown by normalizing the values to those at 37°C or those at 0.15 M KC1, respectively. Compared with the promoter on pPSA3, that on pPSG3 seemed to be more sensitive to temperature and salts. A similar correlation was observed between the promoters on pPSA3 and pPSGlO, and that of pPSGlO was more intensely depressed at low temperature and at high salts (data not shown).
DISCUSSION
A sequence CAT frequently appears in the RNA start points of natural promoters, so that this sequence has been defined as the consensus sequence in the RNA start point(l,2,4). In this paper, we constructed a series of promoters having CAT in different positions from the -10 region.
However, neither the promoter strength nor the RNA starting point was significantly influenced by the CAT sequence. Our data rather demonstrate that the -10 consensus sequence is the determinant of the RNA start point, Table 1 Since the sequences around the RNA start points did not exert influence on the promoter strength significantly, we examined the sequence effect on other properties of promoters, and found that promoters having relatively GC-rich sequences in the RNA start points are more sensitive to temperature and salts. It has generally been thought that unwinding of the DNA helix is a prerequisite to expose the template bases for initiation of transcription (15, 16) . In fact, local melting of the promoter region from positions -9 and +3 by binding of RNA polymerase has been demonstrated from the sensitivity to modification agents and SI nuclease (2, 17) • Dependency of promoter on temperature and salt concentrations could be influenced by the GC-contents of the region around the RNA start point, as GC-contents and ionic strength relate to thermal stability of DNA helix (18) .
The entire promoter regions constructed here can be generated by EcoRI and Xbal, so that these promoters would be useful for manipulation of transcription by inserting them into appropriate sites.
